
Implementing & Applying 

Java Atomic Operations

Douglas C. Schmidt
d.schmidt@vanderbilt.edu

www.dre.vanderbilt.edu/~schmidt

Institute for Software 

Integrated Systems 

Vanderbilt University 

Nashville, Tennessee, USA

mailto:d.schmidt@vanderbilt.edu


2

Learning Objectives in this Part of the Lesson
• Understand how Java atomic classes & 

operations provide concurrent programs 
with lock-free, thread-safe mechanisms 
to read from & write to single variables 

• Note a human known use of atomic 
operations

• Know how Java atomic operations are
implemented & applied 

• i.e., implemented in the Java execution 
environment (e.g., JVM, ART, etc.) 
level & applied in the Java class library
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• Java uses CAS extensively in the 
JVM & portions of the packages 
java.util.concurrent*

Implementing Java Atomic Operations

Additional Frameworks & Languages

Operating System Kernel

Applications

System Libraries

Java Execution Environment (e.g., JVM, ART, etc)

Threading & Synchronization Packages



5

Implementing Java Atomic Operations

Additional Frameworks & Languages

Operating System Kernel

Applications

System Libraries

Java Execution Environment (e.g., JVM, ART, etc)

Threading & Synchronization Packages

• Java uses CAS extensively in the 
JVM & portions of the packages
java.util.concurrent*

• CAS implementations reside
in lower-layers of the stack
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• Java uses CAS extensively 
in the JVM & portions of 
java.util.concurrent*

• e.g., compareAndSwapLong()

Implementing Java Atomic Operations

See www.docjar.com/html/api/sun/misc/Unsafe.java.html

public final class Unsafe { 

public final native boolean

compareAndSwapLong(Object o, 

long offset,

long expected, 

long updated); 

http://www.docjar.com/html/api/sun/misc/Unsafe.java.html
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• Java uses CAS extensively 
in the JVM & portions of 
java.util.concurrent*

• e.g., compareAndSwapLong()

Implementing Java Atomic Operations

See www.docjar.com/html/api/sun/misc/Unsafe.java.html

public final class Unsafe { 

public final native boolean

compareAndSwapLong(Object o, 

long offset,

long expected, 

long updated) {

START_ATOMIC();

int *base = (int *) o;

int oldValue = base[offset];

if (oldValue == expected)

base[offset] = updated;    

END_ATOMIC();

return oldValue;

}

... 

This C-like pseudo-code atomically compares the contents of 
memory with an expected value, modifies the contents to an 
updated value iff they are the same, & returns the old value

http://www.docjar.com/html/api/sun/misc/Unsafe.java.html
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updated value iff they are the same, & returns the old value
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• The low-level CAS operations in
the Java Unsafe class can only 
be used in limited circumstances

Applying Java Atomic Operations
public class AtomicBoolean ... {

...

private static final long 

valueOffset;

private volatile int value;

static { ...

valueOffset = unsafe

.objectFieldOffset

(AtomicBoolean.class.

getDeclaredField("value"));

}

public final boolean compareAndSet

(boolean expected, boolean updated){

int e = expected ? 1 : 0;

int u = updated ? 1 : 0;

return unsafe.compareAndSwapInt

(this, valueOffset, e, u);

} ...
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• The low-level CAS operations in
the Java Unsafe class can only 
be used in limited circumstances

• e.g., within the Java Class
Library itself in Java 8 &
before

Applying Java Atomic Operations
public class AtomicBoolean ... {

...

private static final long 

valueOffset;

private volatile int value;

static { ...

valueOffset = unsafe

.objectFieldOffset

(AtomicBoolean.class.

getDeclaredField("value"));

}

public final boolean compareAndSet

(boolean expected, boolean updated){

int e = expected ? 1 : 0;

int u = updated ? 1 : 0;

return unsafe.compareAndSwapInt

(this, valueOffset, e, u);

} ...

See classes/java/util/concurrent/atomic/AtomicBoolean.java

http://hg.openjdk.java.net/jdk8/jdk8/jdk/file/687fd7c7986d/src/share/classes/java/util/concurrent/atomic/AtomicBoolean.java
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• The low-level CAS operations in
the Java Unsafe class can only 
be used in limited circumstances

• e.g., within the Java Class
Library itself in Java 8 &
before

Applying Java Atomic Operations
public class AtomicBoolean ... {

...

private static final long 

valueOffset;

private volatile int value;

static { ...

valueOffset = unsafe

.objectFieldOffset

(AtomicBoolean.class.

getDeclaredField("value"));

}

public final boolean compareAndSet

(boolean expected, boolean updated){

int e = expected ? 1 : 0;

int u = updated ? 1 : 0;

return unsafe.compareAndSwapInt

(this, valueOffset, e, u);

} ...

See upcoming lesson on “Implementing Java AtomicBoolean” for details
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• Therefore, Java 9+ added a new
class called VarHandle that is also 
designed to be usable by apps, 
unlike the Java Unsafe class

Applying Java Atomic Operations

See docs.oracle.com/javase/9/docs/api/java/lang/invoke/VarHandle.html

https://docs.oracle.com/javase/9/docs/api/java/lang/invoke/VarHandle.html
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• Therefore, Java 9+ added a new
class called VarHandle that is also 
designed to be usable by apps, 
unlike the Java Unsafe class

• A VarHandle is mostly used for
atomic or ordered operations

• e.g., CAS operations, atomic
increment/decrement of 
fields, etc.

Applying Java Atomic Operations

See classes/java/util/concurrent/atomic/AtomicBoolean.java

class AtomicBoolean ... {

private static final VarHandle

VALUE;

static {

try {

VALUE = l.findVarHandle

(AtomicBoolean.class, 

"value", int.class);

} ...

private volatile int value;

...

public final boolean compareAndSet

(boolean expected, 

boolean updated) {

return VALUE

.compareAndSet(this,                                                      

(expected ? 1 : 0),                                  

(updated ? 1 : 0));

}

...

http://hg.openjdk.java.net/jdk10/jdk10/jdk/file/72f33dbfcf3b/src/java.base/share/classes/java/util/concurrent/atomic/AtomicBoolean.java
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Applying Java Atomic Operations
• Therefore, Java 9+ added a new

class called VarHandle that is also 
designed to be usable by apps, 
unlike the Java Unsafe class

• A VarHandle is mostly used for
atomic or ordered operations

• e.g., CAS operations, atomic
increment/decrement of 
fields, etc.

See upcoming lesson on “Implementing Java AtomicBoolean” for details

class AtomicBoolean ... {

private static final VarHandle

VALUE;

static {

try {

VALUE = l.findVarHandle

(AtomicBoolean.class, 

"value", int.class);

} ...

private volatile int value;

...

public final boolean compareAndSet

(boolean expected, 

boolean updated) {

return VALUE

.compareAndSet(this,                                                      

(expected ? 1 : 0),                                  

(updated ? 1 : 0));

}

...
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End of Implementing & 
Applying Java Atomic 

Operations


